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1. Ad apparatus for dctcclidg the pf«sci3oe and characier- 
istics of a defect tn or ice on a siruccuft ^omprisin^z 

means for creating and delivering a low frequency signal ^ 
J to the sinicturc; 

means for creailo^ aod delivering a high frequency probe 

si^al !o Ibc suuciurc; and 
receiver means for receiving a modulated signal from ihe 

siniciure caused by \hc tow frequency signal modulai- 

tng ibe high frt<:|ueacy signal in respon^^ to a dcfeci in 

or tec on ihc slniaurc^ Ibc modulaied signal indicaiing 

the presence of a defect in or ice on the jtiniciure. 

2. The apparatus of claim 1 further comprising means for 
moving the low frequency signal relative to the high frc- 

3 qucncy probe signal and receiver ineans; and means lor 
triggering the probe signal after ihc low frequency signal to 
locate a dcleci in the structure. 

3. A method of delecting the presence and characierifjics 
of 3 defect in <ir ice on a stnicturc compn.sing the steps of: 

s applying a \ow frequency signal to the tested structure; | 
applying a high frequency probe signal to the tested CO 
siruciure; 
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modulaiing the high frequency signal by Ihc low fre- 
quency sigaal iQ response to (he presence of a defect in 
Ihc slnicturc; and 

reccivbg a modulated sigodl (hrougli a receiver means 
applied to the tested sciuciure. 

4. The method of claim 3 further comprising locating the 
defect in the sirticture by triggering the probe signal to occur 
immediately after the low frequency signal is applied to the 
itsxtd stmcture; moving a poini of delivery of Use low 
frequency signal aboul the leMed ^iruuuxe; and monitoring 
the amplitude of the modulated signal for increased modu- 
lation. 

5. A method for detecting the presence and chaiaclcri^ics 
of a defect in or ice on a structure comprising the steps of: 

propagating an ultrasonic probe signal in the structure; 
propagating a low frequency vibraiioD signal in the slruc- 
lure; 

deieding said ultrasonic probe signal and analyzing said 
detected ultrasonic probe signal for interact bn between 
said ultrasonic probe signal aod said low frequency 
vibration signal called by a defect in or ice on ihc 
strucnjre, said interaction being icKllcative of a defect in 
01 ice on the sinidure. 
6 'Ilic method of claim 5 wherein sard micraciion is a 
modulation of said uhrasonic probe signal by said low 
frequency vibration signal 

7. The method of claim 6 wherein said modulation 
appears as .sit^band spectral components with respect to a 
frequency of said ulirasootc probe signal 

8. The method of claim 7 wherein said sideband spectral 
components are associalcd with the presence of a defect in 
or ice on ihc structure. 

9. The method of claim 6 wherein said low frequency 
signal exists in said siructure becau^ of the qpcration or the 
envirooment of the sirvcaire. 

10. A metixxl of deicmitning the local i<;«i and character- 
isttcs of detects tn or ice on a structure comprising the steps 
of: 

propagating sequences of an ullrasooic probe signal in a 
siructuie; 

said ultrasonic probe sigaal having a first freqtjcncy; 
said sequencer being propagated at a second repetition 
frequency; 

propagaUng a low frequency vibration signal in said 
Structure the low frequency vibration signal modulating 
the ultrasonic probe signal in response to a defect in or 
ice on the stntcturcj 

delecting said propagated sequences of the prObe signal, 
aod selecting and processing only propagated 
sequences whici) are indicative of an area of said 
struclvrc bdving a defect or ice. 

11. The method of claim 10 wherein said second lepeti- 
lion frequency is sufficiently shon to be resolved from the 
ultrasonic probe signal reflected fmni the other areas of said 
stntctufc. 

12. 'Ilic method of claim U wherein said second repeli- 
lion frequency is greater than twice the frequency of said 
low frequency vibration signal. 

13. An apparatus for non-destruciivc testing of a structure 

comprising: 

means for transmitting an ultrasonic signal into said 
structure; 

means connected to said Structure for receiving said 

ulu asooic signal; 
means connected to said structure for generating a low 

frequency signal in said siructure: and 
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control means connected to said iran5;iii[fting means and 
Co said low ffcqucnc>' gcncraung means for transraii- 
litig said uUrasonic Sign^^l into said .Mniciure al a 
repeiiiion frequency which is greater than iwicc the 
frequency of said law frequency Mgnat; 

wtterem, the tow frequency signal modulaics the ultra- 
sooic signa] in response lo a defect in the siniccurc. 

14. The apparatus of claim 13 wherein satd kiw frequency 
signal t& generated from ihe operaiion or the environment of 

* j;aid stnicfure. 

15. An apparatus for determining ihc locaiinn and char* 
actcftslics of defects in ice on a $trvc(urc cpmprismg: 

means for generating a low frequency signal in a struc- 
ture; 

means for generating a high CrcqMency signal in the 
structure; 

means for receiving a modutaicd signal from the structure 

caused by said low frequency signal modulating sait? 

high frequency signal in rcsp:in.sc in a defect in or tcc 

on the slmcture; and 
means for analyy.ingside bands in said received signal for 

analyzing a defect or ice. 

16. 'Ihc apparatus of claim 15 wherein said means for 
generating a low frequency signal includes a jihaker. 

17« llie apparatus of claim 15 wherein said means for 
generating a low frequency Signal include.^ an instrumented 
hammer. 

LS. The apparatus of claim IS wherein said thean!^ for 
generating a low frequency signal itictudcs vibrations 
present in the structure due Co envirounient aud/or working 
oinditioaH. 

19- An apparatus for quantitatively analysing dcfecis in a 
simcture comprLsing: 
means for generating a high frequency signal in a struc- 
ture; 

means connected to said high frequency signal gcneriaitng 
means for varying the frequency of said high frequency 
signal over a pre<l«tercnitied frequency range; 

means for geocrating a low frequency signal in said 
siructurc; 

oacaas tor receiving frequency modTilatcd signals from 
said siruciurc caused by the low frequency signal 
modulating ihc high frequency signal in response lo a 
defect in the structure, said received modulated signals 
being indicative of ^ defect in said structure; aivl 

means connected to said receiving mcatts for measuring, 
averaging and normalizing the amplitudes of side bands 
in said received nfiodulatcd signals to generate an 
indication of Ihe size of a defect ut the structure, 

20. 'Ilie apparatus of claim 15 further comprising: 
means for moving location of said low tfequeocy gener- 
ating means on said structure relative to the location of 
said means for general ing said high frequency signal; 
and 

control means for triggering said high frequency signal 
after said tow frequency signal is triggered, whereby 
the amplitude of said side hands is increased as the 
location of said low frequency signal generating mcaas 
Ls moved towards a defect. 

21. An apparatus for locating defects in structures com- 
prising: 

means for generating a low frequency sstgnal in a struc- 
ture; 

means for generating sequences of a Short burst high 
frequency signal in the structure; 
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mcins for receiving 3 signal from the •;trucmre, <uid Aignal 

being a modulaieil combiDation of said bw OrcqucQcy 

sigaal and high frequeocy signal; 
means for analyzing selected sequences of said received 

signal from area.s of ihc struccurc; 
whereby a presence of nnodulalion in a selected sequence 

indicates the presence of a defect m an area nf the 

structure. 

22. The apparatus of claim 1 wherein ibe means for 
delivering a signal comprises an uUrasontc iran.smtaer and 
the cQcans for receiving a signal cocnpriscs an ulu^asomc 
receiver, 

23. 'ITic apparatus of claim 22, wherein the siniciurc 
comprises an aircrDft wing and the transmitter and receiver 
are embedded in the wing. 

24. The apparatus «f claim 22 wherein the traosaiiiicr and 
receiver comprise piezoceramic niaierial 

25. Ihe CDcthud of claim 4 wherein modulation of the 
OKKlulaCed signal appears as side-band componetits in the 
spectrum of the Isi^ Crequency sigaaJ, and the step of 
monitoring ihe amplitude of the modulated digital cotnpriscs 
monitoring the amplitude of the side-band components in 
the specifum of tlie high frequency signal. 

26. The method of claim 3 wherein the low ffcqiicQC>' 
signal comprises harmonic vibration. 

27. The method of claim 26 wherein the hantiotiic vibra- 
tion is applied by a shaker. 

28. The method of claim 3 wherein the low frequeacy 
signal comprises impact modubtion. 

29. The method of claim 28 wherein the impact modula- 
tion is applied with in iusinamenlcd hammer 

30. The method of claim 3 wherein the low frequency 
signal comprises self-mod ulatioxi. 

31. The method of claim 30 wherein the self-modulaiion 
is applied by ihc enviroimienL 

32. The method of claim 30 wherein ihe sclf-motlulaiion 
is applied by working conditions. 
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33. A mcihod of dnalyzing defects in a Mniciure compris- 
ing: 

generating 2 high frequency signal in a sixucturc: 
sweeping ihe frequenLV ofihe bigh frequency s^i^al over 
a frequency range; 

generating a low frequency signal io the siniciure; 
receiving modulated signtthi CAUised by ihc 3t>w frequency 

signal modulating the high frequency signal in response 

to a defect in (he sirucittre; and 

anaJyxtng side bands of ibc modulated .signai.s 10 analyze 
(he defect. 

34- The mcihod of clains 33 wherein the sicp of analyzing 
the side bands of the modulated signal comprises measuring, 
averagings and normalizing arapliturics of the side bands. 

35. ITic racthod of clain) 34 wherein the .si'/c of the dcfcci 
is derived by dividing the amplitude of the side bands by the 
product of the ampHludcof the high frequency signal a nth he 
amplitude of ihc low frequency signal, 

36. The oieibod of claim 33 wherein the frequency range 
has 10 to 20 steps. 

37. The mcihod of claim 33 wherein the frequency range 
comprbcs 10-30 kHz. 

38* A method for locating defect tn a siruccurc compris- 
ing: 

generating a low frequency signal in a sinicture; 

generating sequences of a short burst high frequency 
signal in the slruclurc; 

receiving a modulated signal rroni ihc structure caused by 
the low frequcnc>' signal modulating the high fre- 
quency signal in rc.sporisc 10 a defect in ihc i^inicturc; 

analyzing modubiion of sequences of the received signal 
Dora areas of the structure to locale a dcfcci in iht 
sinictufc. 

39. The apparatus of claim 21 wherein the means for 
receiving a signal from !he structure comprisej» an array of 
receivers:. 
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40. (Currently Amended) An apparatus for detecting the presence and 
characteristics of a defect in a structure, comprising first transmitter means for 
transmitting a low frequency signal to the structure; second transmitting transmitter 
means for transmitting a high frequency probe signal to the structure; trigger means for 
triggering the transmission of said high frequency probe signal after the transmission of 
said low frequency signal; moving means for moving said low frequency signal relative 
to said high frequency probe signal; and receiver means for receiving from the structure 
a modulated signal produced by the modulation of said high frequency probe signal by 
said low frequency signal responsive to the presence of a defect in the structure. 

41. (Previously Presented) The apparatus of Claim 40. wherein said second 
transmitter means Includes an ultrasonic transmitter and said receiver means Includes 
an ultrasonic receiver. 
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42. (Previously Presented) The apparatus of Claim 41. wherein said structure 
Includes an aircraft wing, said ultrasonic transmitter and said ultrasonic receiver being 

* embedded in said wing. 

43. {Previously Presented) The apparatus of claim 41, wherein said ultrasonic 
transmitter includes plezoceramic material and said ultrasonic receiver includes 
piezoceramic material. 



44. (Previously Presented) A method of detecting the presence and 
characteristics of a defect in a structure, comprising the steps of applying a low 
frequency signal to the structure, said low frequency signal causing self-vibration of the 
structure: applying a high frequency probe signal to the stmcture; triggering the 
transmission of said high frequency probe signal immediately after the transmission of 
said low frequency signal; moving said low frequency signal about the structure; 
receiving from the structure a modulated signal produced by the modulation of said high 
frequency probe signal by said low frequency signal responsive to the presence of a 
defect in the structure; and monitoring the amplitude of said modulated signal for an 
increase in modulation. 



45. (Previously Presented) The method of claim 44. wherein the modulation of 
said modulated signal appears as side-band components in the spectrum of said high 
frequency probe signal, and said step of monitoring the amplitude of said modulated 
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signal Includes monitoring the amplitude of side-band components in a spectrum of said 
high frequency probe signal. 

46-49. (Cancelled). 

50. (Currently Amended) The method of claim 4^-44. wherein cji d ct op o f 
applyiog-said low frequency signal is implemented by structural vibration. 

51. (Previously Presented) The method of claim 60, wherein said structural 
vibration is applied by the environment. 

52. (Previously Presented) The method of claim 50, wherein said stnjctural 
vibration is applied by working conditions. 



53-57. (Cancelled). 



